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SUMMARY 

Combustion-efficiency  data were obtained for a 5-inch  ram-jet-type 
combustor employing a siznple V-gutter flame holder. The data, which 
are for  homogeneous fuel-air  mjxtures of 14 pure fuels  and 2 fue lb lends ,  
cover a range of in le t   s ta t ic   p ressures  and velocit ies.  The data are 
shown t o  correlate  with  the following parameter for  a l l  of the  fuels 
tes ted except  carbon dlsulfide: 

- where P i s  the  inlet   pressure  in  atmospheres, T is the   i n l e t  tempera- 
ture  in  OR, V is the  inlet velocity  in  feet   per second, Uf i s  the m a x i -  
mum fundamental flame veloci ty   in   feet   per  second, and Uref i s   t h e  
maximum fundamental  flame velocity of the  reference fuel i n  feet   per  
second. This re lat ion was arrived at experimentally  and also analyti- 
cal ly  from an  assumption that the collibustion proceeded by an  increase 
of the  flame-front  area  through  turbulence i n   t h e  combustor and tha t  
the flame propagated a t   t h e  fundamental  flame  speed of the fuel-air  
mixture. 

A n  understanding of the  basic   processes   control l ing  cdust ion  in  
a ram-jet engine is one of the  ultimate  goals of research. The phase 
of t h i s  broad  objective  with which this report is concerned is  a study 
of the flame propagation mechanism i n  a simple  ram-jet-type combustor. 

Equations  predicting  the  variation of conibustion efficiency  with 
Inlet parameters have been derived f o r  both  ram-jet and turbojet  com- 
bustors from models based on the assumption tha t  some second-order 

I reaction is controlling  the combustion r a t e  according to the   c lass ical  
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rate equation  (refs. 1 t o  3). A recent  investigation of-a single  turbo- n 
j e t  can combustor has indicated that the combustion efficiency  variation 
with fuels can  be correlated  with  the maximum fundamental  burning  veloc- 
i t y  (ref. 4) .  

- . i  

In reference 5, the  result-s of an  investigation of the  effects  o f  
inlet pressure,-temperature, and velocity on the combust5on efficiency 
of gasoline-air mixtures i n  a ram-jet combustor are  report&. An 
empirical  parameter was established which correlated  the  effect- of the co 
inlet   variables on the combustion efficiency. A model of the combustion 
process was proposed i n  which it was assumed that the  turbulent-mixing 
of the incoming f'uel-air mixture with  the  burning  gases downstream of 
the flame  holder was controlling the conibustion rate. In t h i s  model it 
w a s  assumed that the mixing rate w a s  a function of t he   i n l e t  Reynolds 
number and that the.  flame  propagated  through the unburned mixture at the- 
fundamental flame speed. A parameter was arrived st which is  ident ical  
to  the  empirically  derived  parameter  involving  the  inlet variables, but  
which also has a term predicting the  variation of combustion efficiency 
with  the flame  speed of the  fuel.  This parameter is included i n  the 
following  equation: 

0, 

Yl 

. .  

which was shown t o  apply for   e f f ic ienc ies   in   the  range 20 t o  80 percent, 
where flame  spreading was independent of w a l l  effects.  

The objective of the  present  study was t o  continue  the  investiga- 
t ion  into  the combustion mechanism by  determining  the  variation of 
combustion efficiency  with  several.pure fuels and fuel  blends  in a 
simph ram-jet-type combustor. Such a determination would further 
establish  the  validity of the flame-speed €erm i n  equation (l), pro- 
viding a useful  empirical  equation, and perhaps yield more data i n  
support' of the proposed or  some other combustion mechanism. Accordingly, 
the  resul ts  of conibustion-efficiency measurements  on a 5-inch ram-je+- 
type combustor with 14 pure fuels and 2 blends of propylene  oxide and 
isopentane  are  reported  herein and compare& on the basis o h q u a t i o n  (1). 

SYMBOLS 

The following symbols are  used Sn this   report :  

cp m e a n  heat  capacity of fue l  vapor from T t o  Te, 
Btu/ (OF) (lb fuel)  . (A value of 0.5 was used f o r  a l l  fuels. ) 

f/a weight--fuel-air  ratio 

(f/a) stoichiometric weight fue l -a i r   ra t io  
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lower heating value of fuel ,  Btu/lb 

enthalpy  difference between exhaust gases and i n l e t  mixture, 
Btu/lb  original air 

enthalpy r i s e  of cooling jacket water, B t u / l b  o r ig ina l   a i r  

enthalpy  difference between exhaust  gases and i n l e t  mixture f o r  
stoichiometric  f/a, B t u / l b  original a i r  

enthalpy  rise of  quench water, Btu/lb  original air  

constant 

latent  heat of vaporization,  Btu/lb 

latent  heat of vaporization a t  T, Btu/lb 

in le t   s ta t ic   p ressure ,  a b  

Reynolds number 

inlet-mixture  temperature, OR 

exhaust-gas  temperature, OR 

fundamental  flame  speed, f t /sec 

fundamental  flame  speed for  reference  fuel,  ft/sec. (Taken as 
1.4 f t / sec   for  gasoline.) 

inlet   velocity,   f t /sec 

combustion efficiency,  percent 

Superscripts: 

a,b  constants 
n 

The combustor 
same as  those used 
shown i n  figure 1. 
in  reference 5, is 
actuator were used 

- 
and the  piping used in   th i s   inves t iga t ion  were the 
i n  reference 5. A schematic diagram of the  setup is 
The air-control unit',  which differed from tha t  used 

shown in  f igure 1. Two sliding  plates  operated by an 
t o  expose the  desired number of holes t o  the air i n  - the  tank. The pressure drop a t   a l l  times was  more than enough t o  give 

sonic flow through  the  holes;  therefore,  the rate of a i r  flow w a s  not 
affected by burner-pressure changes, 
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. 
Fuel was introduced  through  an a i r  atomizing spray bar 10 f ee t  

upstream of the flame  holder. The latent  heat o f  vaporfzation of some 
of the fuels investigated was re iat ively high; thus,  considerable va r i a -  c 

t ion   in   the  combustur-Fnlet.mixture  temperature resulted as the fuel-air 
r a t i o  w a s  varied. Homogeneity of the inlet-  mixture w a s  checked  by 
Rzel-air-ratio traverses at the combustor inlet. 

The flame holder  w a s  a 1--inch-wide straight V-gutter  of  approxi- 1 
2 N 

03 
m t e l y  45' included  angle and blocked  about 38 percent of the combustor rl 
cross-sectional  area.  Ignitdon was accomplished  by a hydrogen-oxygen 
pilo-kflame in   t he  wake of the V-gutter.; the  pilo6 w a s  i i rned   of f   a f te r  
the  burner was ignited. A -variable-area  exhaust  nozzle was used t o  
control  the conbustor-i-5 pressure. 

" 

Quench water was  introduced  through two air-atomizing  water  spray 
bars at the exhausk-nozzle outlet t o  reduce  the-gas.temperature  to 
about 600' F. The combustion efficiencies were calculated by an 
enthalpy  balance. . .. .. . .  . . . .  

1 

In  this report  the  rich-mixture combustion efficiencies were cal-  
culated differently from those  repqrted in reference l. The enthalpy 
09 the combustion products fo r   r i ch  mixtures  was.calculahd a5 follows 
for the data of t h i s  repor t :  . 

- 

The difference-between t h i s  method and that of reference 1 is that, 
previously,  the  last-bracketed term on the  right  included  the  heat of 
combustion of the  fuel.  

I n  order t o   g e t  a wide var ia t ion  in   the value of the  inlet-flow 
parameter e- ?I?/@* f o r  each-  fuel,  with  the  limited quanti-ty o f  the 
fue ls   tha t  was available,  the  data were taken at an inlet stat ic   pres-  
sure of 20 inches of mercury absolute,  inlet-mixture  temperatures of 
about 200' F, and a t  two inlet   veloci t ies ,  about 180 asd 280 f ee t  per 
second. Some of the higher-flame-speed fuels, such 86 propylene oxide 
and carbon disulfide, which would operate at. lower pres6wes, were also 
run a t  10 inches of mercury absolute. 

c 
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I 

Combustion eff ic iencies  at an equivalence r a t i o  of 1.0, from plots  
of  combustion efficiency  against  equivalence r a t i o ,  were selected a t  

and values of the maximum fundamental flame speed  reported in   t he  
l i t e ra ture .  

- each operating  condition f o r  correlation  with  the inlet-flow parameter 

FESULTS AND DISCUSSION 

A list of the  fuels  investigated and a summary of some of t he i r  
[c 
rl 

cu CO 

physical  properties are shown in   t ab le  I. 

The results of the conibustion-efficiency measurements for   the  pure 
fuels and the  fuel  blends are sham in table  11, and plots  of combustion 
eff ic iency  against   fuel-air   ra t io   are  shown in   f igures  2 t o  17. The 
peak combustion efficiencies f o r  a l l  the fuels occurred  near s toichio-  
metric fuel-air  ra t io .  Some of the  mrves do not  extend from lean t o  
r ich blow-out because of  insufficient  fuel.  It w i l l  be  noted t h a t  some 
of the  fuels,  namely, n-pentane (fig.  21, pentene-2 (fig.  6), and cyclo- 
hexane (fig.  5), have break in   t he  curves a t   t he  hi&er velocity con- 

I dit ion near  the  stoichiometric  point. Some unexplainable change in   t he  
burning  occurred on going t o  slightly  rich  mixtures and a higher l e v e l  
of combustion efficiency  resulted. For the points of comparison, the - lean sides of the curves have been  used. 

It was des i r ed   t o   cowre   t hese   r e su l t s  w i t h  t he   r e su l t s  from 
reference 5, wherein it wae found that 

where P i s  emressed  in  atmospheres, T i n  OR, V i n  feet per second, 
and Uf is in feet   per second. This equation was arrived a t  in   t he  
following manner: It was assumed that the r a t e  of mixing of the  incoming 
fresh m i x t u r e  with  the burned gas downstream of the flame  holder was  
controlling  the combustion process. The colnbustion w a s  assumed t o  be 
progressing  through an increase of flame area,  because of t h i s  mixing, 
with  the flame propagating  into  the unburned mixture at the fundamental 
flame  speed. It w a s  further assumed that t h i s   r a t e  of mixing w a s  a 
function of the inlet ReynoldB  number.  Whether the mixing is  caused by 
the  scale and intensi ty  of the turbulence  associated  with Reynolds num- 
ber o r  by the  actual  velocity,  density, and viscosity of the aFr stream 
a l l   r e l a t e d  t o  one another in the form recognized as Reynolds number is  

density, and viscosity would affect   turbulent mixing a t  the  f b e  front  
and would influence  the  extension of flame area. With these assumptions, 

I not differentiated  here.  However, it is  quite  reasonable  that  velocity, 

- 
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it- is shown i n  reference-5  that  the  following  expression f o r  combustion 
ef f i c  iency  results : 

b 
q = K Rea (7) 

The range of .combustion efficiencies over .which this expression would be 
expected t o  hold is l imited t o  from about 2 0  t o  80 percent as discussed 
i n  reference--5.  Equation ( 2 )  w a s  put i n  terms of inlet-flow parameters 
by assuming that the  flame speed was  proportional t o   t h e  inlet tempera- 
t u re   t o   t he  1.4 power and  independent of pressure,  giving 

Values of- - a = 0.3 and b = 1.1 reduced this  expression  to 

P 0.3 G.03 
vO. 8 7 = K  

which w a s  the  expression found empirically t o  correlate  the  effect  of . .  

inlet-flaw  variables. The temperature dependence of flame speed for  the 
other  fuels may be  different- from tha t  used i n  equation (4) and m y  yield 
a different   re la t ion of combustion efficiency t o  i n l e t   t e e r a t m e  fo r  
different  fuels.  However, i n  the  experimental  data  reported, only pres- 
sure and velocity were varied  significantly so that no differences, If 
they  exist, would be  apparent *om these  data. 

. *  

A summary of the data from figures 2 t o  17, a t  an equivalence r a t i o  
of 1.0, is given in  table 111. A log-log plot of cornbustion efficiency 
at an equivalence r a t i o  of 1.0 against maximum fundamental flm speed 

for a v u u e  of the  inlet-flow parameter equal tu about 6.5 is 

shown in figure 18 for  the  pure  fuels. Also shown on this' f igure i s  a 
l i n e  of slope 1.1 which was indicated as required by the  previous  analysis. 
It i s  seen that the combustion efficiencies  for  the  fuels  follow  the pre- 
dicted  trend  with  flasie speed. 

v0.8 

The resu l t s  of the combustion-efficiency measurements  on the  blends 
of  propylene  oxide  alid  isopentane are shown in   f i gu re  19 wherein COM- 
bustion  efficiency  divided by the  inlet-flow parameter i s  plotted  against 
blend  percent-age. .For comparison, flame speed of these  blends is also L 

sham. The flame  speeds of the  blends were not  experimentally  determined. 
However, it-has been  reported that f o r  some blends  the  flame  speed of the 
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. blend follows a reciprocal  blending  relation  (ref. 6): 

Mole percent of Mole percent of 
100 compo?ient A component B - (5) 

Flame speed of blend blame speed of A + Flame speed of B 
- 

The flame  speeds of the  blends  reported in  table I were calculated by use 
of th i s   re la t ion .  The s imilar i ty  i n  the shape of the  curves  presented 
i n  figure 19 indicates  that   the conibustion efficiency of the  blends is  
related t o  the  flame  speed as might be  expected. 

Data of table III are   p lo t ted   in   f igure  20 along with the  gasoline 
l ine  f rom,f igure 7 of reference 5. Here it can be seen that all the 
fuels  follow the  correlating parameter  reasonably w e l l  with  the  exception 
of carbon disulfide.  Carbon disulfide gave  combustion efficiencies which 
were higher  than would be anticipated f r o m  the flame-speed relation  alone. 
This f u e l  has a very low ignit ion energy and t h i s  may contribute in  some 
manner t o  i ts  improved combustion efficiency. 

The results  obtained in investigating the combustion efficiency of 
a 5-inch-diameter  ram-jet-type combustor employing a s t ra ight  V-gutter 
flame  holder and homogeneous fuel-air  mixtures of 14 pure fuels  and two 
blends of pure fuels axe Bummerrized as follows: 

- 

1. The daka obtained with all the  pure  fuels,  except carbon 
disulfide, were correlated by the  equation 

1.1 po.3 
q = 7.0 (&) 

where P is  combustor-inlet s ta t ic   pressure in atmospheres, T is 
combustor i n l e t  mixture  temperature i n  OR, V is conibustor inlet velocity 
in   f ee t  per second, q is conibustion efficiency in percent, L$ i s  the 
maximum fundamental  flame velocity f o r  the  pure fuel in air i n  f e e t  per 
second,  and Urd is the flame velocity of the  reference  fuel  (taken  as 
1.4 f t /sec f o r  the above re la t ion) .  

2.  Carbon disulfide gave  combustion efficiencies  higher than w o u l d  
be anticipated on the basis- of its flame  speed done,  indicating  that  

i n  the conibustion mechanism. 
. some other  property,  possibly  ignition energy,  should e l s o  be  considered 
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3. The combustion efficiencies of the  blends of propylene  oxide and 
isopentane were also correlated  with  the flame speed re la t ion  when the 
flame  speeds were calculated  according t o  the  reciprocal  blending rela- 
t i on  of Payman ELnd Wheeler 

Mole percent of Mole Percent of - - 
100 component A component B 

Flame speed of blend - Flame speed of A + Flame speed of B 
- 
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cu 

6 . 

- n-Pentane 

E-Eeptane 

Isooctane 

Cyclohexane 

Pentene-2 

Benzene 

Prop ionaldehyde 

Diethylether 

Pmpyleae oxide 

Acetone 

Methylcycbhexmm 

Carbon disulfide 

Aeohexaae 

Isopentane 

&EO- (62-0Cke) 

- 
1 
I 

" 

L 

from ref. 7 except where noted. 
ketimated value. 
CCalcOted from eq. (5 ) .  

2/3 Propylene oxide - 
1/3 isopentene, by weight 

113 Propylene oxide - 
2/3 isopentane, by Xelght 

ailing 
Pint, 
OF 

96.9 

209.2 

2lO.6 

177.3 

97-98 

176.2 

120.0 

94.1 

120.0 

133.0 

2l3.6 

94.1 

121.5 

82.2 

"-" 
""- 
"" 

- 

stoichi- 
metric 
bel" 
ratio,  
f /a 

0.0655 

.0662 

.0662 

.0680 

.0680 

.0754 

.lo50 

. o s 9  

.lo50 

.lo50 

.0680 

.la25 

.0659 

.0655 

.0667 

.OB73 

.0749 

atsnt heal 
P vapori -  
zation at 
boiling 
Point, 

L P J  

Btu/lb 
" 

153.6 

136.0 

U6.7 

153.7 

a155.0 

169.3 

215.0 

151.0 

234.0 

220.0 

138.9 

155.0 

131.2 

145.1 

b150.0 

205.0 

177.0 

Marimurn 
Undamen- 
' a l  fLame 

epeed, 
!e, 

ft/aec 
(a) 

~ _ _ _ _  ~ 

1.46 

1.39 

1.32 

1.43 

1.63 

1.57 

1.64 

1.67 

2.22 

1.44 

bl. 40 

1.95 

1.26 

1.39 

b1.40 

c1.89 

62 

1.05 

.99 

.94 

1.02 

1.18 

1-13 

1.19 

1.21 

1.66 

1.03 

1.00 

1.44 

.89 

.99 

1.00 

1.39 

1.17 

w 

99.0 

99.5 

99.6 

92.0 

95.0 

99 .o 

95.0 

99.0 

95.0 

99 .o 

99.0 

99.0 

95.0 

05-90 

"" 

""- 

""- 



Inlet 
static 

presmrre, 

atm 
p, g 

0.69 
.69 
.69 
.69 .69 
.69 
.69 
-69 
.69 
-69 .69 
.69 
.69 
69 

.69 
-69 
.69 
.69 
.69 

' .69 

Inlet - 
rillxkm 
temgera- 
m e ,  
T, 
OR 

670 
663 
660 
653 
649 
644 
639 

668 

680 
675 
670 
667 
663 
660 
656 
654 

"- 
" C  

"I -" 

Inlet- 
mixture 
relocity, 

v, 
f t / B e C  

183 
l e 2  
181 
179 
17 8 
177 
17 6 

LB5 

288, 

281 
276 
277 
277 
272 
272 

"- 
"- 
282 

"- "- 

1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.06 
1.06 
1.06 
1.06 
1.60 
1.60 
1.60 
1.58 
1.60 
1.60 
1.59 
1.59 
1.59 
1.59 

~~ 

inlet 
teqpere" iensity, 
Inlet 

*e Lb/cu f t  

fuel, 
Da 

before 

0.04l.l 

723 .ma 
723 .M25 
723 . w 2  
723 .0420 
723 .WE5 
723 .0415 721 

723 
.MI2 723 

723 
,0603 729 
. W 6  729 
. w 7  730 
.w 730 
.w 731 
.MI3 2 731 
.04LB 

7 9  """ 

731 """ 

7 31 .w 
731 

""" 

""" 

- 
&el- 
a i r  

ratio, 
f/" 

- 
3.0619 
-0677 
.0746 
.0810 
.OW6 
.0937 
.0996 
.lo61 
.06D 
.E62 
.OS7 6 
,0616 
.0661 
.07u 
.Om 
.0794 
,0846 
.OB89 
.OS54 
.m36 - 

gquiva- 
l a c e  
ratio 

-821 
.e98 
.990 

1.073 
1.160 
1.243 
1.320 
1.410 

,812 
,745 
.763 .a6 
.876 
.934 
.994 

1.052 
1.122 
1.179 

.735 
1.241 

7 

C m b u s -  
tian 
eff i- 

ciencp, 
111 

percent 

- 
66.6 
70.6 
68.7 
67.8 
63.7 
59.1 
53.5 

67 .c 

47.7 
48.0 
49.6 
51.6 
52.6 
51.5 
49.6 
47.1 
(b 1 
(4 

(4 

(a) 

T 
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Ki 
OD 
N 

1 
cu 
I 

u 01 

Inlet 
Bk3tiC 

pressure, 
p, 
atm 

0.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 
.68 .68 
.69 
.73 
.77 
.78 
.78 
.79 
.79 
133 
.33 
.33 .33 .33 
.33 
.33 
.33 .33 .33 .33 

Inlet- 
mixture 
tempera- 
ture, 
T, 
OR 

605 
579 
556 

603 
573 
550 
643 
636 
631 
626 
620 
616 
607 
602 
583 

615 
614 
618 

605 
596 
591 
583 
579 
574 

"- 

"- 

"- 

"- 

(b) Propylene a i d e  

Inlet- A i r  
mixture 

v, 
f tJeec  

lb/rsec velocity, 
flaw, 

168 

1.07 -" 1.07 158 
1.05 160 
1.05 

168 1.06 
159 1.05 
153 1.05 
267 1.58 
264 

248 
1.60 263 
1.58 263 
1.58 

.80 "- .a0 267 

.81 268 

.79 263 
1.61 -" 1.61 215 
1.59 220 
1.59 223 
1.60 230 
1.62 

262 .79 
255 .79 
252 .79 
249 .19 
247 .79 
245 .79 "- .79 

Inlet 

'cure lb/cu ft 
tempera- density, 
Inlet 

before 

0.0448 

690 .0486 690 .0469 689 

.a50 696 

.0473 697 

.0491 697 

.0422 

.04m 
715 .0427 
712 

722 .0536 
721 .OS17 
720 .0510 
720 . a 9 7  
720 .(X70 
718 .M36 
717 

.0215 699 

.0216 698 

.0214 697 

.0219 697 

.0222 695 

.0224 694 

.0227 693 

.0229 693 

.0230 692 

-""- "- 

""" -" 

""" "- 

""" "- 

E 
ratio, 
f/a 

air 

0.0903 
.12O3 
.1471 
.168l 
.lo48 
.1348 
.1621 
.0682 
.0762 
.0839 
.0905 
.0968 
,1063 
. n 4 7  
.1204 
.1389 
. 0 6 S  
.0914 

.0774 

.0715 

.0965 
,1044 . l l 0 8  . l l 7 4  
.la1 
.13O8 
.1523 

.oa= 

Equiw- 
l a c e  
ra t io  

0.857 
1.148 
1.400 
1.600 
1.ooO 
1.280 
1.450 

.650 

.725 

.799 

.e61 

.922 
1.012 
1.090 
1.148 
1.320 

.so9 

.870 

.793 

.757 .680 

.919 
1.WO 
1.052 
1.120 
1.182 
1.245 
1.450 

~~ ~ 

w 

COIlibLlS- 

t ion 
m i -  
ciency, 

?r 
percent 

80.9 
62.9 
60.4 

81.5 
64.1 
55.8 
52.1 
62.2 
67.6 
71.4 
76.3 
72.7 
62.7 
56.4 
50.8 

54.0 
54.0 
49.8 

54.0 
51.3 
52.7 
47.2 
43.5 
41.8 

( 4  

(bl 

(bJ 

( 4  

5 7  
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Inlet 
s ta t ic  

?reseure, 
p, 

atm 

0.67 
.67 
.67 
.67 
.67 
.67 
.67 .67 
.67 .67 
.67 
.67 
.67 
.61 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 .67 .67 
.67 
.67 
.67 

Inlet - 
mlrture 
tempera- 
+==, 
OR 

648 
643 

650 
652 
655 
658 
661 
665 

654 
658 
661 
665 

672 
666 
662 
658 
652 
650 
646 

"_ 

"- 

"- 

"- "- 
668 
656 
65 2 

Inlet-  
mlxbure 
relocity, 

v, 
ft/eec 

194 
193 

195 
196 
198 
198 
199 
201 

196 
198 
199 
200 

282 
289 
281 
27 9 
278 
277 
275 

-" 

"- 

"- 

-" "- 
286 
2 81 
-279 "- 

A i r  

lb/sec 
f l o w ,  

1.U" 
1.Y 
1. ll 
l .Y  
1. ll 
1.ll 
1.u 
1. ll 
1. ll 
1.U 
1.11 
1. ll 
1. ll 
1.11 
1.U 
1.55 
1.58 
1.57 
1.57 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 - 

Inlet  

lb/cu f t  

0.0808 
. W E  

.0408 .0406 

.0404 

.0402 

.OM0 

.0398 

.olbo5 

.0802 
,0400 
.OS8 

.0394 

.OS7 
,0800 
.w3 
.0406 
. W 8  
.0410 

""" 

""" 

""" 

""" 

""" 

. O S 6  .0804 

.0406 
""" 

Inlet 
temp€S?FL- 

ture 
before 
fuel, 

OR 

703 
703 
703 
703 
703 
705 
706 
707 
707 

710 
709 
709 
710 

711 
708 
707 
706 
706 
705 
705 

"- 

-" 

"- 
702 
701 
702 

"- 

"- 

Fuel- 
air 
rat io  , 
f/a 

0.0784 
.07 81 
.OB21 
.0698 
. O S 7  
,0613 
.0572 
.0531 
.OB91 
. O M 8  
.0741 
.0636 
.0593 
.0551 
,0456 
,0530 
.0564 
.0610 
,0654 
.0694 
.0751 
.0780 
.0780 
.0483 
.0489 
.06= 
.0668 
.0782 

LqUiva- 
l a c e  
ratio 

1.137 
1.193 
1.254 
1.067 
1.002 

.936 

.a73 

.am 

.750 

.684 
1.131 

.971 

.SO6 
,841- 
.696 
.a09 
-861 
.93l 
1.000 
1.060 
1.126 
1.191 
1.191 

,737 
.746 
.954 

1.020 
1.194 

w 

canbus - 
tion 
eff i- 

cimcy, 

percent 
rlr  

57.8 
53.9 

64.2 
66.9 
69.1 
68.9 
64.2 
61.4 

58.2 
67.1 
66.8 
67.3 

45.8 
46.6 
48.4 
49.8 
54.0 
48.8 
42.5 

(a) 

(b 1 

(b 1 

(a) 
(b) 
44.3 
89.9 
54.4 
(a)  

5 7  
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'lX6IB II. - COMWTBTION EF!?ICmCY DATA FOR 14 HJFE FVEIS AJ3D 2 FIBL B m  
5-IETCH RA"JET-TILpE CGMEUSMR - Conthmed 

(a) Pentene-2 

Inlet  
s ta t ic  
pressure, 

p, 
a t m  

0.67 
.67 
.67 .67 .67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 .67 
.67 
.67 
.67 .67 
.67 .67 
.67 
.67 

Inlet-  
mix tu re  
tempera- 
ture, 

TJ 
OR 

660 
656 
652 
650 
646 
644 

663 
666 
670 
674 

678 
672 
668 
664 
658 
654 
650 

"- 

"- 

"- "- 
660 
656 

192 
191 
190 
189 
189 
189 

195 
195 
196 
196 

289 
284 
284 
286 
282 
282 
281 

"- 

"- 

"- "- 
285 
284 

Air 

lb/sec 
flow, 

1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.57 
1.56 
1.58.. 
1.60 
1.58 
1.59 
1.60 
"" 

"" 

1.60 
1.60 

0.0401 .0404 
. W 6  
.0408 
.0410 
.04U 

.0399 

.OB7 

. O B 5  

. os2  

.os0 

.OB4 

.0396 

.0399 . O M 2  

. O M  

.M07 

""" 

""" 

""" 

""" 

.Mol 

.w3 

Inlet 
tempera- 
ture 

before 
fuel, 
93 

7l.o 
712 
712 
713 
714 
714 

715 
716 
716 
717 

717 
716 
715 
715 
713 
713 
712 

"- 

"- 

- " "- 
710 
708 

Fuel- 
air 

ratb , 
f/a 

0.06s 
.0698 
.0742 
.0783 
.OS22 
.OS61 
.0903 
.OW7 
.0568 
.0525 
.0486 
.0482 
.0535 . OS83 
.OS23 
.OS57 
.0707 
. 0 7 6  
. 0 7 S  
.0824 
.OS00 
.os34 
.0675 

0.961 
1.028 

65.7 

48.9 1.267 
54.8 1.210 
58.6 1.150 
62.6 1.090 
64.6 

.a93 65.5 

.%35 64.0 

.772 60.1 

.7l5 56.4 

.709 (b) 

.787 42.8 

.as8 

49.6  .966 
47.9 .9L6 
45.0 

1.040 53.6 
1.096 50.3 
1.154 45.5 
1.212 

1.330 (a) 

.73s !:I 

.932 
54.2 .993 
48.7 

amch blow-out . 
kfan blow-out . 

. 
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0.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 

Inlet- 
mixt;ure 
tempera- 
ture, 
3> 
OR 

662 
660 
656 
652 
650 
646 

668 
672 

667 
662 
660 
674 
670 
667 
664 
660 
658 
655 
651 

669 

"- 

"- 

"- 
"- 

-I- 

" 

I n l e t -  
mirture 

velocity,  
v, 

f t/eeo 

192 
190 
189 
187 
L87 
186 

191 
194 

192 
192 
189 
283 
282 
283 
282 
281 
281 
279 
278 

286 

"- 
"- 

-" 
"- 

Air 
flow, 

lb/sec 

1.07 
1.06 
1.06 
1.06 

1.06 
1.06 
1.06 

1.06 

1.07 
1.07 
1.06 
1.07 

1.55 
1.55 
1.57 
1.57 
1.57 
1.58 
1.58 
1.58 
1.58 
1.58 

1.06 

1.58 

I n l e t  

lb/cu ft 
density, 

0.0399 
.mol. .0404 
.M06 
. w 7  
.mo9 

,0396 
.03% 

.0397 .O400 

.0401 

.0392 

.0395 

.OB7 
,0399 
.om1 . OM2 .O.b04 
. w 7  

.0396 

""" 

""" 

""" 

""" 

Inlet 
tempera- 

ture 
before 
fuel, 
OR 

713 
713 
714 
714 
715 
715 

7 15 
717 

718 
718 
719 
720 
720 
718 
716 
716 
716 
7 14 
714 

732 

"- 
-" 

"- 
"- 

FueL 
air 

ratio, 
f l a  

0.063P 
.0681 
.0728 
.0781 
.OB27 
.0876 
.ow5 
.OS88 
,0535 
. O N 2  
.0657 
.0701 
.0757 
.ow0 
.0631 
.0660 
.0694 
,0726 
.0755 
.0790 
.0823 
. O W  
.OS56 
.OS25 

Equlva- 
l a c e  
r a t i o  

0.932 
1.000 
1.070 
1.149 
1.217 
1.290 
1.330 
.865 
.7%6 
,739 
.966 
1.032 
1.113 

,882 
.928 
970 

1.020 
1.069 
1.uo 
1.161 
1.210 
1.236 
.817 
.772 

w 

Combus- 
t ion 
eff i- 

ciency, 
51* 

peroent 

61.2 
61.9 
60.0 
56.4 
52.6 
47.6 

58.7 
56.0 

62.6 
62.1 
58.9 
43.5 
45.7 
46.3 
45.8 
45.2 
47.9 
45.2 
4a.3 
(a) 
44.4 
(b) 

(a) 

(b) 

5 7  
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161 et  
e ta t lc  

pressure, 
p, 

a t m  

3.67 
.67 
.67 .67 
.67 
.67 
.67 
.67 
.67 

.67 

.67 

.67 

.67 

.67 .67 

.67 

.67 

.67 

.67 

.67 

.67 .67 

.34 

67 

Inlet- 
mixture 
tempera- 
ture, 
T, 
OR 

624 
624 
630 
636 
643 

622 
614 
606 
600 

629 
631 
636 
642 

628 
618 
610 
603 
597 
590 

624 

-" 

"- 

-" 

"- 
ERich blm-out. 
bLean blow-out . 

Inlet- 
mizture 

V e l ~ l t y ,  
v, 

ft/sec 

260 
256 
260 
264 
268 

257 
256 
252 
252 

"- 

"- 
ma 
190 
190 
192 

185 
183 
180 
179 
176 
174 

"- 

"- "- 

1.54 
1.516 
1.54 
1.54 
1.58, 
1.54 
1.54 
1.54 
1.54 
1.56 
1.56 
1. u. 
1. ll 
1.U 
1.ll 
1. ll 
1.09 
1.10 
1.09 
1. lo 
1.09 
1.09 
1.09 
.81 

Met 

lb/cu ft 

0.0425 
. O W  
.0424 
,0417 
.04l2 
.M30 
.w3l .0436 . O U l  

.0423 

.04B 

.04m . Q113 

.M21 

.0428 

.a34 

.0439 

. w 3  

. W 8  

""" 

""" 

""" 

""" 

""" 

Inlet 
tempera- 

ture 
before 
fuel, 

OR 

734 
734 
734 
734 
7 s  
734, 
734 
734 
734 
734 
734 
727 
726 
725 
724 
724 
7 24 
724 
723 
722 
722 
722 
722 
720 

F'uel- 
air 

ratio, 
f/a 

0.llll . 1040 
.0967 
.om8 
.0823 
.0754 
.u .us 
.I274 .E534 
. l a 9  
.0950 
.087 0 
.om8 
-0741 
.0713 
.O967 
.lo35 .llll 
. m 2  .I264 
.m 
149 8 

.os84 

E&=- 
l a c e  
rat lo  

1.058 
.990 
.920 
.858 
.784 
.727 
1.058 
1.138 
1.214 
1.270 
1.340 

.903 

.a35 

.769 

.705 

.677 

.920 

.985 
1.058 
1.126 
1.206 
1.278 
1.428 

,937 

w 

54.2 
65.5 
58.9 
55.6 
48.5 

57.2 
46.1 
46.3 
43.9 

71.5 
67.9 
63.0 
57.9 

72.7 
73.2 
67.0 
58.0 
58.2 
56.6 

40.3 

(b) 

( 4  

(a) 

( 4  

v 
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Inlet - 

stat ic  
pressure, 

p, 
atm 

0.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
-67 
.67 
.67 

.67 

.67 

.67 

.67 

.67 

.63 

.71 

.67 

.67 

67 

lillet- 
mlxture 
tempera- 
ture, 
T, 
OR 

669 
670 
671 
674 
677 
681 

669 
665 
662 
658 
655 

674 
676 
67 8 
682 
685 
687 
690 
694 

680 
677 
67k -- 
674 
672 

"- 

"- 

"- 

-" 
'Rich b h - a t  . 
3Lean blow-aut . 

Inlet-  
mixture 

velooity, 
v, 

ft /sec 

198 
198 
201 
202 
202 
204 

202 
201 
200 
198 
198 

283 
283 
286 
285 
289 
289 
290 
292 

286 
285 
299 
266 
281 

"- 

-" 

-" 

"- 

A i r  
f l o w ,  

lb/sec 

1.U 
1. U 
1.11 
l.U 
1. IJ. 
1.U 
1.n 
1.11 
1.n 
1.U 
1.ll 
l.U 
1.ll 
1.55 
1.55 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 

before 

I O R -  
0.O400 
.0399 
,0394 
.0392 
.0391 
.0389 

.0396 
,0398 
. w o  
.0403 .0404 
.OS3 
,0392 
.0390 
.0390 
.0386 
. O S  
.0383 
.0382 

.os9 
,0391 
.0373 
.04u 
.OS6 

""" 

""" 

""" 

""" 

725 
724 
724 
725 
724 
7 25 

724 
725 
725 
725 
725 

730 
7 31 
7 32 
733 
734 
734 
735 
736 

737 
738 
738 
739 
739 

"- 

"- 

"- 

"- 

Fuel- 
air 

ra t io ,  
f/a 

0.0699 
.0656 
.0613 
.0571 
.0528 
.04& 
.a70 
,0693 
.0735 
-0777 
.0820 
.0863 
.ow2 
.0714 
.0684 
.0648 
.06l9 
.0586 
,0577 
.0527 
.0497 
.0475 
.07l2 
.0743 
.0774 
.0774 
. O M 6  
.0831 

1.057 
.990 
.926 
.862 
.798 
.731 
.710 
1.048 
1. u.0 
1.173 
1.239 
1.305 
1.362 
1.079 
1.032 
.978 
,935 
,885 
.871 
.795 
.750 
.717 

1.075 
1.122 
1.170 
1.170 
1.218 
1.255 

w 

Combus - 
tion 
eff i- 

percent 
511 

ciency, 

63.1 
66.8 
66 .O 
63.8 
60.6 
55.6 

63.9 
61.7 
57.3 
52.8 
46.9 

47.3 
50.1 

53.6 
51.0 
48.9 
47.6 
45.8 

48.6 
46.7 
39.6 
50.3 
43.0 

(b) 

(a) 

52 .e 

(b) 

(4 
g 7 "  



. .  . . 

cs-3 2817 

(h) Diethylether 

M e t  
s ta t ic  

pressure, 
p, 
atm 

0.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
-67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 

Inlet - 
mixture 
tempera- 
ture, 
T, 
OR 

644 
646 
650 
653 
657 

645 
638 
632 
627 
622 

662 
664 
668 

6fX 
660 
656 

"- 

"- 

"L 

9RIoh blau-out. 
bUan blau-out. 

Inlet- 
mixture 
velocity, 

v, 
ft/eeo 

~ 

193 
194 
L93 
195 
197 

194 
191 
190 
188 
387 

269 
272 
27 2 

271 
269 
268 

"- 

.." 

I" 

A i r  
flow, 

lb/sec 

1.U. 
1.U 
1.10 
1.10 
l.U 
1.U 
1.U 
1.11 
1.U 
l.U 
1.u. 
1.11 
1.50 
1.51 
1.50 
1.50 
1.51 
1.51 
1.51 

Inlet 

lbfcu ft 
density, 

0.04U 
.0410 
.0408 
,0405 
.0403 

.op;LO 

.m 

.MU 
,0422 
.a26 

.o400 

.OS8 
,0396 

.0399 

.a01 

.0403 

""" 

-""- 

""" 

lhlet 
tempera- 
ture 

before 
fuel, 

OR 

715 
715 
715 
7 14 
714 

714 
714 
714 
714 
713 
713 
725 
725 
726 

727 
728 
728 

".. 

"- 

Fuel- 
air 
ratio, 
f/a 

0.0941 
.0871 
.08U 
.0739 
.0668 
.OM7 
. o s 1  
.lolo 
.lo81 
,1152 
.z24 
.la9 
.0797 
.07472 
,0694 
.0660 
.0795 
,0847 
.0900 

imiva- 
lence 
rat i o  

1.046 
.969 
.902 
.e22 
,763 
,719 

1.046 
1.124 
1.202 
1.282 
1.360 
1.389 .886 
.a25 
:172 
.734 
.885 
,942 

1.000 

w 

combus- 
tion 
effi-  
ciency, 

r l 9  

percent 

64.1. 
65.1 
63.7 
58.5 

Ej 
64.8 
62.2 
57.6 
51.5 
44.7 

50.7 
47.3 
44.9 

51.2 
54.3 
58.2 

( 4  

(a 1 

5 7  
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TABU II. - COMBUSTION EFFICCIEETCY DATA FOR 14 KIKE F[TELS BM) 2 FUEZ BLENDS I N  
5-IEICB RAM-rn-TIIPE CCMBJSTOR - Continued 

(i) Isooctane 

7 

Inlet 
static 

pressure, 
p, 
atm 

0.67 

.67 

.67 

.67 

.67 

.67 
67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

-67 

67 

-67 

67 
67 

.67 

.67 

.67 
67 
67 .67 

.67 

.67 

.67 

.67 .67 

Inlet- 
mixture 
tempera- 
ture, 
T, 
OR 

670 
672 
674 

669 
666 
663 
660 
657 

669 
667 
664 
678 
680 
680 
682 
684 . 

684 
686 
688 
690 

684 
682 
682 
680 
680 
67  8 
677 

"- 

"- 

"- 

"- 

Inlet- 
mizture 

Pelocity, 
v, 

ft/eec 

203 
204 
204 

208 
203 
202 
201 
200 

203 
203 
202 
278 
278 
27 8 
27 9 
279 
281 
280 
281 
27 9 

27 8 
27 9 
278 
278 
27 8 
276 
276 

"e 

"- 

"- 

-" 

Air 

lb/sec 
flow, 

1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.58 
1.52 
1.51 
1.51 
1.51 
1.52 
1.51 
1.51 
1.50 
1.50 
1.50 
1.51 
1.50 
1.51 
1.51 
1.50 
1.50 
1.50 

Inlet 
density, 
n / o u  f t  

0.0395 
.0394 
.0393 

.0396 

.OS7 

.0399 

.w1 

.0403 

.0396 
,0397 
.0399 
.0390 
.0390 
. o m  
. o m  
.Om7 
.0387 
.0386 
.0385 
.Os6  

.0387 

.0388 

.0388 

.0389 
,0390 
. o m  
.0391 

""" 

""" 

""" 

""" 

Inlet 
tempera- 
ture 

before 
fuel, 

OR 

7 17 
718 
718 

717 
717 
717 
716 
716 

716 
717 
716 
727 
729 
729 
730 
7 31 
731 
7 31 
732 
732 

7 33 
734 
734 
735 
735 
736 
736 

"- 

"- 

"- 

"- 

Fuel- 
air 

rat io, 
fla 

~ 

0.0662 
.0617 
.0575 
. O s 4 3  
.0659 
.07M 
,0748 
.0793 
.0837 
.0840 
.OM1 
,0681 
.0726 
.0689 
.0673 
,0658 
.064O 
.0624 
.OW5 
.OS91 
.os74 
.0559 
.0546 
,0694 
.0708 
.0727 
.0742 
.0760 
.0780 
.07W 
.08l5 

E q i V a -  
h c e  
r a t i o  

LOO0 
,932 
.a69 
.820 
.995 

1.062 
1.130 
1.198 
1.263 
1.269 

.968 
1.030 
1.097 
1.040 
1.018 

.994 

.967 

.942 

.913 

.892 

.a66 

.844 

.825 
1.048 
1.069 
1.099 
1.120 
1.149 
1.178 
1.202 
1.230 

"-5 

conibus- 
tion 
eff i- 

percent 
rlr 

cl-3, 

53.0 
53.4 
52.2 

54.2 
53.1. 
51.7 
47.9 
44.4 

54.2 
53.6 
52.8 
4Q.4 
42 .O 
42.9 
43.6 
4k.O 
43.5 
43.4 
43.3 
43.3 

42.6 
42 .O 
41.5 
40.9 
40.1 
38.7 
38.0 

(b 1 

( 4  

(b 1 

v 
(8) 



CB.3 'ImCb' 

Inlet 
s t a t i c  
pmsure, 

p, 
a b  

0.67 
.67 
.67 
.67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

67 

67 

67 
67 

.67 

.67 

.67 

.67 

.67 
67 

m e t -  
mixture 
tempera- 
*, 
TI 
OR 

613 
608 
604 
607 

603 
595 
590 
586 
582 
579 

620 
618 
621 
624 

617 
612 
6Lo 
606 

"- 

"- 

"" 

Inlet- 
mirbure 
relocity, 

v, 
ft;/sec 

186 
183 
181 
182 

181 

177 
175 
174 
173 . 
271 
269 
270 
272 

269 
267 
265 
264 

-" 
178 

"- 

".. 

1.12 

.M36 1.u 

.w33 1.11 

.w35 1.11 
0.0430 

.W24 1.61 

.0426 1.61 

.Ma28 1.61 

. a 2 5  1.61 
-""- 1.u 

,0457 1.n 
.a65 l.U 
.0451 1.U 
.0448 1.U 
.0445 1.U 
. M39 1.U 
""" 1.n 

1.61 .0429 
1.61 .W32 
1.61 .a34 
1.61 .0437 

1.61 -----_ 

Inlet 
tempera- 
ture 

before 
fuel, 
CR 

700 
702 
702 
703 

704 
705 
705 
706 
706 
706 

721 
722 
722 
723 

724 
724 
724 
726 

-" 

"- 

"- 

Fuel- 
txlr 

ratio, 
f/S 

0.0909 
.0998 
.0957 
.0907 

.MB9 

.lo96 . u41 

.l l92  

.1242 

.1292 

.1300 

.lo16 

.0982 

.0950 

.0914 
,0890 
.lo51 
.lo85 .1120 
. I 3 6  

. o m  

~ 

E q u l V a -  
h c e  
r a t i o  

0,866 
.951 
. 9 l l  
.a64 
.a20 
.999 

1.044 
1.087 
1.135 
1.183 
1.230 
1.240 

.968 

.935 

.905 

.e71 . a47 
1.000 
1.033 
1.067 
1.l.01 

- i z  

combus- 
t im 
effl- 

percent 
9, 

cimcg, 

50.8 

56.2 
55.3 

57.5 
62.6 
47.9 
42.4 
42.2 
43.2 

40.5 
40.3 
$1.4 
41.5 

41.1 
37.5 
40.0 
36.8 

54.8 

(b) 

( 4  

(a) 

!7=- 



. . . .  

5-nm RA"m-TypE COMBUSTOR - Continued 

(k) Methylcyclohexane 

Inlet 
s t a t i c  
~ressure, 

p, 
atm 

0.67 
.67 
.67 
-67 
.67 
.67 
.67 
.67 
.67 
-67 
.67 
-67 
.67 
.67 
.67 
.67 
.67 
.67 
67 
67 

Inlet - 
mixture 
tempera- 
ture, 
T, 
OR 

663 
660 
662 
664 

654 
650 
646 

660 
658 
654 
651 
662 
674 
672 
673 
676 

671 

-" 

"_ 

-" 

&Rich blow-out . 
bLean b l o w o u t .  

" . .. 

19 7 
197 
197 
197 

194 
194 
191. 

197 
194 
197 
195 
199 
290 
297 
294 
297 

296 

"- 

"- 

"- 

Air 
flow, 

lb / sec  

1.10 
l.u) 
l.u) 
1.10 
1.10 
1.10 
1. 10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.63 
1.64 
1.62 
1.62 
1.62 
1.62 

Inlet 
dens i ty ,  
lbfcu' Pt 

0 . o m  
.0401 
. o m  
,0399 

.0404 

.0407 

.0410 

-0401 
.0403 
.0404 
-0407 
-0400 
.0391 
.0394 
.0393 
.0392 

.0392 

""" 

""" 

""" 

In le t  
;empera- 

ture 
lef o re  
%el ,  

OR 

715 
7Ls 
714 
714 

714 
715 
715 

714 
715 
7x5 
715 
715 
723 
724 
725 
725 

726 

"- 

"- 

-" 

F'uel- 
air 
ratio, 
f/a 

0.0705 
,0659 
. 0 6 E  
.0568 
.0548 
SO756 
.0798 
0850 

.0869 
, SO633 

.0688 

.0722 
,0779 
,0583 
,0668 
.0634 
.Om7 
,0573 
.0526 
.0705 

Qui" 
lence  
r a t i o  

1.037 
.969 
.m 
.a35 
.805 

1.112 
1.174 
1.250 
1.280 

.931 
1.012 
1.062 
1.146 
.850 
.982 
.932 
.893 
.843 
,774 

1.037 

u! 

:0UlbUS- 
t i o n  
effi - 

:iency, 
9* 

?ercent  

58.9 
59.9 
59 -0 
56.9 

57.2 
53.7 
49.2 

59.9 
60.7 
59.3 
56.0 
58.4 
49.6 
44.2 
42 .O 
42.2 

50.4 

(b) 

(8) 

(b) 

5 7  

L W !  
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TABLE P. - COMBUSTION EFFICIEKCY DATA FOR 14 PURE FUEIS AND 2 FLEL B m  IR 
5-mCH RAM-JET-TYPE C O M B U ~ R  - Continued 

( 2 )  2/3 Propylene oxide plue  1/3-isopentane by w e i g h t  

Inlet 
s t a t i c  
~ressure, 

p, 
atm 

0.67 
.67 
.67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

.33 

.33 

.33 .33 

.33 

.33 

.33 

.33 

.33 

.33 

.33 

* 67 

Inlet-  

lb/sec veloci ty  , tempera- 

Air Inlet-  
mixture f low,  m u r e  

ture, 8, 
TI f t / s e o  
OR 

614 
614 
618 
624 
633 

611 
601 
594 
587 

628 
620 
631 
629 
630 
632 
638 

628 

644 
637 
632 

-" 

"- 

"- 
"- 

175 

175 
1.05  174 
1.05 

1.05 180 
1.04  176 
1.04- 

"_ 1.05 
174 1.04 
170 1.04 
168 1.04 
166  1.04 "_ 1.04 
177 1.04 
175 1-04 
254 .74 
254 .74 
254 .74 
253  .74 
257 .74 "- .74 
251 .74 "- .74 
258 .74 
255 .74 
253  .74 

I n l e t  

lb/ou ft 
aensity, 

Inlet 
tempera- 

ture 
before  
fuel, 

I O R -  
0.0431 

.0431 
-0428 
.0424 
.ala 
.0433 
.0440 
.0446 
0451 

.0421 
-0427 
.0210 
.0210 
.0210 - 0209 
.Om8 

.02 l l  

,0205 
.0208 
.om9 

""" 

""" 

""" 

""" 

692 
693 
695 
696 
699 

702 
703 
704 
705 

713 
715 

708 
708 
709 
709 

711 
711 
713 
714 
714 

"- 

"- 

708 

-" 

Fuel- 

r a t i o  r a t io ,  
t i o n  lence air 

Combus- Equiva- 

effi- 
f/= ciency , 

'I* 
pgroent 

1.0963 
.OW7 
.07& 
.0694 
. o m  
.OS90 . lo54 
. l l 5 2  
-1244 
.E534 
.EA2 
.0925 
.lo19 
-0973 
.0910 
.0846 
.0788 
.0718 
.OM1 
.lo44 . lO61 
.0818 
,0886 
.0946 

1.102 

(b) .675 
58.2  .687 
70.0  .795 
74-8 .899 
75.6 -925 
73.3 

1.2lO 70.6 
1.320 64.0 
1.428 55.7 
1.530 44.6 
1.540 (a) 
1.060  76.3 
1.168 

44.7 1.113 
70.6 

47.6 1.042 
-970 48.0 
-903 50.1 
.824  48.9 
.734 (b) 

1.199  38.9 
1.217 (a) 

1.015 46.0 
1.083 43.0 

-938  47.6 

?Rich blow-out. 
b a n  blow-out . 
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TABLE 11. - COMBUSTION  EFFICIENCY DATA FOR 14- PURE FUELS AND 2 FlEL BIENIE IN 
5-INCH RAM-JET-TYPE COM3USTOR - Continued 

(m) 1/3 Propylene oxide plus 2/3 #sopentme by weight 

Inlet 
static 
pressure, 

p, 
a h  

0.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
-67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 

.67 
67 

Inlet - 
mixture 
tempera- 
ture, 
T, 
OR 

640 
639 
642 
646 
650 

643 
638 
634 

658 
655 
652 

670 
670 
673 
676 

666 
662 
658 

674 
670 

"_ 

"_ 

"- 

"- 

"- 

&Rich  blow-out . 
blow-out . 

Inlet  - 
mixture 
velocity, 

v, 
ft/eec 

193 
192 
192 
193 
195 

193 
190 
190 

19 6 
195 
194 

283 
284 
284 
285 

282 
280 
278 

286 
284 

"_ 

"_ 

"_ 

"_ 

"- 

A i r  
flow, 
lbjsec 

1.12 
1.11 
1.11 
1.11 
1.11 
1.U 
1.11 
1.11 
1. ll 
1. l l  
1.n 
1. ll 
1.ll 
1.11 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 
1.56 

Inlet 
density, 
lb/cu ft 

0.0414 
.0414 
.MI2 
.oa9 
.OM7 

.04l2 

.04E 

""" 

- 0418 
""" 

0403 
.ON4 
.Om6 

.0395 
""" 

-0395 
a0393 
.0392 

.0397 

.0400 

.0403 

.0392 

.0395 

""_ 

""" 

Inlet 
tempera- 
ture 

before 
fuel, 

OR 

700 
702 
704 
705 
707 

710 
7 n  
712 

716 
718 
720 

730 
731 
731 
731 

730 
731 
730 

731 
730 

"_ 

"- 

"- 

"_ 

"_ 

Fuel- 
air 
rat  io, 
f/a 

0.0757 
.0716 
.0679 
,0633 
.OS91 
.0548 
.om1 
.0875 
.OS38 
.OS88 
.0702 
.0745 
.0788 
,0972 
-0738 
.0692 
.OM8 
.0602 
.0554 
.07  69 
.0816 
.0861 
.0891 
.0667 
.0714 

Zquiva- 
lence 
ratio 

1.011 
.956 
.SO6 
.a5 
.789 
.732 

1.069 
1.168 
1.252 
1.319 
.937 
.995 

1.052 
1.298 
,985 
.924 
.865 
.a34 
.740 

1.027 
1.089 
1.149 
1.189 
.890 
.953 

w 

Combus- 
tion 
eff i- 
ciency, 

percent 
'1 

64.3 
65 .O 
64.6 
61.6 
58.1 

64.8 
59 -6 
53.3 

65.9 
66.3 
64.6 

55.4 
52.4 
51.3 
48.4 

54 .O 
50.6 
46.0 

52.9 
56.3 

(b 1 

( 4  

(8) 

(b 1 

( 4  
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TABLE 11. - COMBUSTION ETFICjXWY DATA FOR 14 PURE FLIEIS AID 2 FUEL B m  IIy 
5-INCH RAM-JEZC-TYPE COMBUSTOR - Continued 

. 

I n l e t  
s tatic 
ressure, 

p, 
atm 

0.33 
.33 
.33 
a 33 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.53 
.51 
.50 
.50 
.50 

.33 

.33 

.33 

.33 .33 

.33 

.35 

.37 

.33 

.33 

.33 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

.67 

:50 

klet-  
a l x t u r e  
tempera- 
ture, 

TI 
OR 

606 
608 
614 

624 
622 
626 
632 
642 

606 
590 
588 
596 
604 
656 
662 
637 
638 
646 
630 
616 
606 
592 
583 
594 
606 
614 
682 
670 
660 
648 
638 
632 
639 
650 

"- 

"_ 

&Rich blow-out. 
bLean blow-out . 

Inlet- 
mixture 
relocitty, 

VJ 
ft/sec 

286 
277 
284 

245 
246 
250 
251 
255 

239 
222 
224 
238 
239 
260 
263 
284 
282 
287 
281 
272 
269 
245 
234 
260 
264 
269 
284 
276 
276 
270 
266 
257 
264 
274 

"_ 

"- 

(n) Carbon dislllfiae - 
Air 
f Low, 

B/sec 

0.86 
.86 
.86 
.86 

1-09  
1.10 
1.10 
1.10 
1.10 
1.10 
1.lo 
1.10 
1.08 
1.10 
1.10 
1.10 
1.10 - 82 

.82 
-82 
.82 
.82 
.82 
.81 
.82 
.81 
.82 
.81 

1.54 
1.54 
1.54 
1.54 
1.54 
1.54 
1.52 
1.56 

Inlet 

lb/m f t  
&nsi ty  J 

0.0216 
.0222 
-0216 

.0318 

.0319 

.0317 
-0314 
.0309 

-0328 
.0355 
.OS6 
.0333 
.0329 
.0303 
. O m  
.om8 
.Om7 
.0205 
.02m 
.0215 
.0218 
.0237 
.0250 
.0223 
.0221 
.0216 
.0388 
.0399 
.0401 
.0408 
.04E 
.0429 
.0414 
.OM7 

""" 

""L 

Inlet 
tempera- 
ture 

before 
fuel, 

OR 

710 
711 
714 

725 
725 
725 
723 
724 

723 
722 
721 
720 
720 
720 
719 
715 
714 
714 
718 
719 
719 
720 
720 
720 
721 
722 
'742 
742 
743 
743 
744 
744 
744 
744 

"- 

"- 

Fuel- 
air 

r a t i o ,  
f/a 

0.1692 
-1502 
.I381 
-0812 
.17x) 
.1553 . U 7 8  
-1227 
* lo73 
.0727 
-1880 
.2O38 
.l982 
.177  7 
.1631 
.0927 
.om1 
.1236 
.lo50 
.OM7 
.I367 
.1520 
-1680 
.I248 
.XI86 
.1807 
.l585 
.1&7 
.0877 
.lo25 . l l 7 4  
.U37 
.1501 
.1584 
-1432 
.I241 

Equiva- 
lence 
r a t i o  

0.927 
.a23 
.757 
.445 
.942 
.a51 
.755 
.672 
.588 

1.030 
1.117 
1.086 

.974 

.894 

.508 

.439 

.677 

.575 

.464 

.749 .833 

.921 
1.067 
1.143 

.990 
-869 
.798 
.481 
,562 
.643 
.733 - 822 
.a68 
.785 
.6€0 

""" 

"2 

Cmbus- 
t i o n  
eff i- 

ciency 
?r 

percent 

81.4 
78 .O 
78.8 

77.3 
78.1 
80.0 
76.1 
73.7 

75.4 
73.1 

78.2 
€0.0 
74.5 
69.3 
76.7 
73.5 
66.5 
78.7 
74.7 
77.3 
74.1 
70.8 
77.5 
77.4 
75.5 
68.4 
72.6 
77.4 
78.1 
79.8 
80.1 
82.0 
80.3 

(b 1 

(bl 

"" 

7 
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'I!ABLE 11. - COMBUSTION EFPICIEXCY DATA FOR 14 RJF3 FUELS AND 2 FUEL B m  IN 
5-INCH RAE4-JXT-TYPE COMBUSTOR - Continued 

(0) Isopentane 

Inlet 
s t a t i c  

pressure, 
p, 

a t m  

0.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 

Inlet- 
mixture 
tempera- 
tu re  
T, 
OR 

67 1 
67 2 
674 
677 

672 
670 
666 
664 

690 
686 
68U 

"- 

"- 

"- "- 
684 
682 
682 
684 
686 
688 
690 
676 

ZE-pZ velocity, lb/sec 

v, 
f t / s e o  

195 
194 
l95 
195 

195 
194 
191 
192 

199 
I96 
194 

"_ 

"- 

"- "- 
284 
287 
283 
287 
288 
286 
289 
283 

1.08 
1.06 
1.07 
1.06 
1.06 
1.08 
1.07 

1.07 
1.07 
1.06 
1.06 
1.06 
1.55 
1.55 
1.54 
1.56 
1.54 
1.55 
1.55 
1.54 
1.55 
1.55 

1. a6 

In l e t  
3ensity, 
Lb/cu f t  

0.0394 
.0394 
.0392 
.0391 

.0394 

.0395 

.0397 

.0398 

.0384 

.0386 

. o s 9  

""" 

""" 

""" 

""" 

.OS7 

.OS8 

.OS8 

.OX7 

.0386 

.0384 

. o m  
,0392 

In l e t  
tempera- 

t u re  
before 
m, orc 

7  28 
7 28 
728 
728 

7 33 
734 
7 35 
7 36 

746 
746 
745 

"- 

"- 

-" 
742 
742 
741 
740 
7 39 
7 39 
739 
739 

"- 

Fuel- 
air 

r a t i o  J 

f/a 

0.0667 
.0631 
,0587 
.0548 
.OS06 
.0667 
,0709 
,0757 
.0792 
.0807 
,0608 
.0656 
.0698 
.0760 
,0496 
.0697 
.0659 
.0639 
.06O4 
.OS75 
.OS52 
.OSLB 
.m19 

Equiva- 
lence 
r a t i o  

1.018 
.963 
.896 
.837 
.772 
1.018 
1.082 
1.156 
1.209 
1.230 

.928 
1.002 
1.066 
1.160 

.757 
1.068 
1.006 

.976 

.922 
,878 
.a43 
,791 

1.098 

couibus - 
t ion  
eff i- 

c ienc y , 
peroent 

11* 

56.3 
58.3 
58.7 
57.1 

58.3 
56.6 
53.0 
48.6 

60.0 
59.8 
58.2 

(b 1. 

(a) 

(a) 
(a 1 
41.1 
43.4- 
44.9 
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Figure 1. - Schemetic illUBtratiOn 00 5-inch ram-Jet-type cmbuatcm setup, flame holder and air-con 01 unit. B 
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.6 .7 .8 .S 1.0 1.1 1.2 1.3 
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Figure 2.  - Combustion efficiency of V-gutter flame holder in 5-inch ram-jet-type colsbustor vlth 
- n-pentane. C o m b u s t o r  ialet pressure, 0.67 atmosphere; codustor inlet twerature, 643O to 
6720 R. 

.6 .7 .8 .9 1.0 1.1  1.2  1.3 1.4 
Equivalence ratio 

Pigwe 3. - Combustion efficiency of V-gutter flaw holder in 5-inch  ram-jet-type combustor with - n-heptane. C c m b u a t o r  Inlet pressure, 0.67 atmaphere; combustor inlet tenperatwe, 655O to 
894O R. 
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Figure 4. - Combustion  efficiency of V-gutter flame holder in 5-inch ram-jet-type 
combustor  with  iaooctane.  Combuetor  inlet pressure, 0.67 atmaphere;  combuetor 
W e t -  temperature , 6570 to 6900 R. 
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Equivalence  ratio 

Figure 5.  - Combustion  efficiency of V-gutter flame holder in 5-inch ram-jet-type 
combustor xith cyclohexane.  Combustor inlet preeeure, 0.67 atmaphere;  combuetor 
blet temperature, 646' to 674O R. 
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.7 .0 .s 1.0 1.1 1.2 1.3 1.4 
Equivalence ratio 

Figure 6. - Combustion efflciemcy of V-gutter flame holder in 5-inch rem-jet-type combustor VLth 
penteas-;!.  canbustor m e t  pressure, 0.67 atmospm; rombuetor w e t  texwrature, 644' to 
678O R. 
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.r .e .9 1 .o 1.1 1.2 1.3 1.4 1.5 
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Figure 7. - Combustion efftccicncy of V-gutter flame holder in 5-inch ram-jet-type combustor vith 
benzene. Combustor inlet pres-, 0.67 atmosphere;  combuetor inlet m e r e t u r e ,  63S0 t o  680° R. 
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Figure 8.  - Combustion eff ic iency of V-gutter flame holder in 5-inch  ram-Jet-type combustor with  propiar.aldehyde. 
Conbuntor M e t  presnu-e, 0.67 atraqhere; combuntor inlet t a q m z a t w ,  5900 to 6430 R. 

.6 .7 .a .9 1.0 1.1 1.2 1.3 1.4 
Epulvalence rat io  

Figurs 9. - Combustion efiYcicncy of V-gutter flmm holder in &inch r8m-jet-type rombwtor vlth diethylether. 
Combustor Wet pmenure, 0.67 atmDBphere; combustor inlet tmperntura, 62W to 6680 R. 
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F&ure M. - Conbumtion efficiency of V - g u t t a r  holder in 5-iach mjet-type colnbuator with 
propylene old&. C o g b u r t o r  inlet temperature, 5500 ta 6 4 3 O  R. 
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Figure U. - Combuetlon efficiency of V-gutter flame holder in 
5-Inch ram-jet-type combustor with acetone. Conibustor inlet  
pressure, 0.67  atmosphere;  conibustor inlet  temperature, 5790 
t o  624O R. 

.a .9 1 .o 1.1 1.2 1.3 
Equivalence ra t io  

Figure 12. - Combustion efficiency of V-gutter flame holder in  
5-inch  ram-jet-type combustor with methylcyclohexane. Cam- 
b u t o r  inlet pressure, 0.67 atmosphere;  conibuetor inlet  
temperature, 6460 t o  676O R. 
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(a)  Combustor  inlet  pressure, 1/2 atmosphere;  combustor  inlet  temperature, 588O 
to 6620 R; Inlet-mixture  velocity,  222-263  feet  per  second. 

(b)  Combustor  inlet  pressure, 1/3 atmosphere;  combustor  inlet  temperature,  583O 
to 646O E; Inlet-mixture  velocity, 234-286 feet  per  second. 

.4 . 5  .6 .7 .a . 9  1.0  1.1 1.2 
Equivalence  ratio 

(c)  Combustor  inlet;  pressure, 2/3 atmosphere;  combustor  inlet  temperature,  632O 
to 682' R; inlet-mixture  velocity,  257-284  feet  per  second. 

Figure 13. - Combustion  efficiency of V-gutter  flame  holder in 5-inch  ram-jet- 
type  combustor  ulth  carbon  disulfide. 
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Figure 14. - Combustion e f f i c i ency  of V-gutter flame holder in 5-Inch 
ram-jet-type combustor  with  neohexane.  Combustor inlet preeeure, 0.67 
atmsphere;  combustor inlet temperature, 6520 t o  680° R. 

.7 .8 .9 1.0 , 1.1 1.2 1.3 
Equivalence r a t i o  

Figure l5. - Combustion effklency of V-gutter flame holder in 5-inch 
ram-jet-type combustor with ieopentans. Cornbuetor inlet pressure, 0.67 
atmosphere;  combustor inlet temperature, 665O t o  690° R. 
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Figure 1 7 .  - Combuetion ef f ic iency  of V-gutter flanae hol& in 5-inch  rem-jet-type 
combuetor with  blend of 1/3  propylene oxide end 2/3 ieropentane by we1 . C ~ U E -  
tor  inlet   pressure,  0.67 atmosphere3 combustor inlet temperature,  638 Pt to 676O R. 
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Figure 18. - Bffect of fundaments1 flame weed on combuetioa e f f ic iency   at  

equivalence  ratio of 1.0 and-at inlet parameter value pO.3T/vO.8 of 
about 6 .5 .  . .. 
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Figure 19. - Effect of blend  percentage on conibustion efficiency 
and flame speed of propylene oxide and isopentane  blends at 
equivalence ratio of 1.0. 
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Figure 20. - Correlation of combustion efficiency fo r  V-gutter flame holder in 
S-bch ram-jet-type combustor for 14 pure fuels, a gseoline, and 2 fuel 
blenh .  (BIend A containe 2/3 propylene oxide . p l u  1/3 ieopentane by w e i g h t ;  
blend B, 1/3 propylene oxide plua 2/3 isopentane by wight .) 
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